Abstract: The present research examines the impact of education on the mortality of older Taiwanese during a four-year interval, from April, 1989 to April, 1993. Data used for this study comes from the Taiwan Survey of Health and Living Status of the Elderly. The results suggest that among older Taiwanese, education has a strong negative impact on the level of mortality. The research also decomposes the effect of education into the direct effect and the indirect effects via health status, health behaviors, and social relationships. We have shown that, of the total effect of educational attainment on the mortality of older Taiwanese, about 83 percent represents indirect influences via the three mediating factors, particularly health status. On the other hand, the magnitude of the direct effect, which might reflect influences of additional intervening variables on old-age mortality, is low and not statistically significant.
1
The dimensions of social-economic life that form the basis of a society's stratification system -like education, occupation, and income -have important effects on access to resources and on the formation of many attitudes and behaviors. Accordingly, socioeconomic position can highly influence health and mortality outcomes, and demographers have long been concerned about differential survivorship among subgroups which vary by socioeconomic characteristics. One characteristic that has received increasing attention is educational attainment. Education is widely perceived as the single most important socioeconomic determinant of mortality (Antonovsky, 1967; Elo and Preston, 1996; Kitagawa and Hauser, 1973; Pappas, Queen, Hadden, and Fisher, 1993; Preston and Taubman, 1994) . Compared with other socioeconomic indicators, education is a more consistent measure and is more easily accessible (Feldman, Kakuc, Kleinman, and Cornoni-Huntley, 1989; Preston and Elo, 1995) . There is considerable evidence that an individual's educational attainment is more strongly correlated with diseases and health risks than occupation and income (Kitagawa, 1972; Preston and Taubman, 1994; Winkleby, Jatulis, Frank, and Fortmann, 1992) . Understanding the patterns of educational differentials in mortality can provide insights into future mortality and health trends which may prove useful in fashioning policies and programs.
The strong relationship between education and mortality stems in large part through the many pathways that education can impinge on health. Education affects access to health care, health behaviors, and other behavioral traits, which, in turn, influence one's risk to dying. Winkleby and his associates (1992) , for example, demonstrate that education is associated with a variety of health related factors, such as life style, problem-solving abilities, and one's values. House and his associates (1992) , from a different track, find strong associations between education and social relationships, which can influence mortality through reducing stress, encouraging selfesteem, and providing the support needed to maintain good health. These findings highlight some of the mechanisms at work: education affects mortality mainly through the intermediate influences of a variety of social, behavioral, and biological dimensions, including access to resources, susceptibility and exposure, environmental factors, health related behaviors, and health status. The pathways inherent in these interrelations is displayed in Figure 1 . <Figure 1 about here> Educational mortality differentials at older ages is a topic of emerging interest. In the developed and some developing countries, most deaths occur at older ages (Myers, 1989; Yang, 1993) , and this trend is increasing. Further improvement in life expectancy will occur mainly through mortality declines at older ages. If the inverse relationship between education and mortality persists throughout a person's life course, one might expect further enhancement in human longevity as younger cohorts generally achieve higher educational attainement than older cohorts. At the same time, there is some empirical evidence showing diminishing impact with age of educational attainment on mortality, a phenomenon also observable in terms of some other risk factors such as race and gender (Antonovsky, 1967; Liu and Witten, 1995; Manton and Stallard, 1984; Vaupel, Manton, and Stallard, 1979) .
Researchers in different disciplines have set forth a number of hypotheses to explain this mortality convergence phenomenon. One plausible hypothesis is that the process of human survival tends to select out more frail persons among the environmentally disadvantaged, so that the advantaged group would eventually become more frail than their disadvantaged counterparts (Vaupel, Manton, and Stallard, 1979; Vaupel, 1990) . When the change in population health composition is strong enough to offset the positive impact of favorable environment for the advantaged group, mortality convergence or crossover occurs. Other scholars argue that changes in an individual's behavior and physiological functions, and economic, social and medical developments in a society may also contribute substantially to mortality convergence at older ages (Horiuchi, 1989; Horiuchi and Wilmoth, 1994; Khazaeli, Xiu, and Curtsinger, 1995) .
Whatever the cause of these changes, there is strong evidence that educational differentials in mortality vary over the life cycle (Antonovsky, 1967; Preston and Taubman, 1994) . Several theoretical issues stemming from this observation may be readily advanced.
1. To what extent does educational attainment have a positive effect on survivorship at the older ages?
2. How do educational differentials change across the older age structure, from the "young-old" to the "olderst-old?" 3. How do educational differentials at the older ages vary cross-culturally among different groups and societies?
4. What are the major pathways through which education affects an older person's mortality?
The research presented here contributes to these questions, particularly 1, 3, and 4 (our companion research based on register data will more fully inform the question of how educational differentials vary across the older ages). Utilizing data from Taiwan, a recently industrialized non-Western country, provides an opportunity to test whether the differentials observed in Western countries hold in a society with different socioeconomic and cultural patterns and medical traditions, and, if so, to examine whether the pathways through which education influences mortality are similar across societies. For example, it is not yet clear whether extensive family support to older persons will mitigate the effect of educational attainment on human survival.
A major hindrance to studying educational mortality differentials in developing countries has been the absence of adequate data. The present research mitigates this deficiency by analyzing educational differentials in mortality among older Taiwanese. Taiwan provides an ideal setting for a probe on this topic given the substantial differences in culture, economy, and various social characteristics from the U.S. and other Western countries. As a predominantly Chinese culture, it shares in the tradition of a patriarchal/patrilineal family system which has as its ideal formation of joint and extended households of parents with married sons and their families. At the same time, it has undergone rapid socioeconomic and demographic change over the last forty years, manifest in sharply lower fertility, increasing life expectancy, and continuing urbanization. The total fertility rate dropped from 5.9 children in 1949 to the replacement range of 1.9 in 1988; expectation of life increased from 51 years to 74 over the same period; and the proportion living in cities of 50,000 or morre advanced from less than a quarter to almost three-quarters by 1988. The changing vital rates suggest that Taiwan will experience a much older age structure and it is estimated that by the year 2020, 21 percent of the population will be 60 years of age or over.
In socioeconomic terms, Taiwan has transformed itself from a fairly poor agricultural economy to a prosperous industrialized society. Per capita GNP increased ninefold in constant dollars between 1952 and 1988, and was over $6,000 in 1988. Over the same period, the proportion of the labor force in agriculture decreased from 56 percent to 14 percent. Among social indicators, the rapid rise in educational attainment and the diminishing general gap is particularly noteworthy. In 1988, about three quarters of the youths of senior high age were attending high school and about 30 percent of college age youths were attending college, with the rates for females, which were traditionally much lower than those for males, slightly exceeding the male rates at that point. Accordingly, those 60 and over in 1989 have typically spent their formative years in a traditional agricultural society but have also spent a significant portion of their adult lives in a rapidly changing environment, with new opportunities, values, and goods absorbed differentially by different groups. Studying whether patterns of mortality by education observed elsewhere hold under these evolving conditions can broaden our knowledge about the robustness and nature of these relationships.
CONCEPTUAL MODEL
As indicated in Figure 1 , the relationship between education and mortality involves a complex set of interrelations among various concepts. Mortality is a function of education through a number of intervening social, behavioral, and biological factors. Typically there is a lack of suitable measures for many of these endogenous factors which makes it extremely difficult to operationalize this structural model. Prior research on this topic has mostly focused on studying the overall effect of education on mortality; and relatively little is known about the pathways through which such an influence operates. We attempt to go beyond existing work by developing and testing a simplified causal model that takes into account the interrelations of education and three measurable factors -health status, health behaviors, and social relationships -as well as their effects on old-age mortality. We utilize sets of reduced form equations by which the direct effect of education and its indirect effect via a specific intervening factor can be adequately assessed. For planners and policy makers, such decomposition will allow for a deeper understanding of factors transmitting the impact of education on the mortality of older persons, thereby facilitating a more appropriate allocation of social and economic resources.
The causal model, specified in Figure 2 , portrays the structural framework used to relate educational attainment to the mortality of older Taiwanese. The model consists of three types of variables. Education and other demographic characteristics are treated as exogenous variables since their causes are not generated in this causal framework. Health status, health behaviors, and social relationships serve as the endogenous factors which presumably transmit a substantial portion of the impact of education on the mortality of older persons. Finally, mortality is the dependent variable. <Figure 2 about here>
The influence of education on mortality is mostly indirect, mediated by health status, health behaviors, and social relationships (Kitagawa and Hauser, 1973; House et al., 1992; Preston and Tauman, 1994; Winkleby et al., 1992) . It is also likely as described that education reflects other unidentified factors which mediate the effect of social dynamics on old-age mortality. For this reason, we maintain a residual direct impact of education on the mortality of older Taiwanese, illustrated as a dotted line in Figure 2 . Complicated causal linkages may exist among the three intervening factors, hence the indirect effect of education on mortality might involve more complex mechanisms than those shown in Figure 2 . However, a more detailed decomposition of the total effect is not presently of concern.
A number of other sociodemographic factors, which are not particularly specified in Figure 2 , are considered in the causal model. They include age, gender, ethnicity, and marital status, serving as controls in this work. Age is assumed to affect mortality positively, while females are expected to have a lower risk of dying than males. Ethnicity may also act as an important covariate in terms of differential mortality in Taiwan. A considerable proportion of older mainlanders are military veterans who fled to Taiwan in 1949 as a consequence of the communist takeover of mainland China. Therefore, older mainlanders in the island were physically selected as compared with native Taiwanese. We expect that mainlanders have a lower level of mortality than the others. Additionally, currently married elders are expected to have lower mortality than their currently unmarried counterparts. Associations among these control variables may exist, but they are not elaborated in the present research given our focus on the impact of education on the mortality of older Taiwanese.
DATA AND METHODS

Data
The data used for the present research comes from the Taiwan Survey of Health and Living Status of the Elderly, conducted by the Taiwan Provincial Institute of Family Planning with assistance from the Population Studies Center and the Institute of Gerontology of The University of Michigan. The survey consisted of two waves, the first conducted in 1989, and the second in 1993. Respondents were adults 60 years of age or older in 1989 residing in the non-aboriginal areas of Taiwan, including those in institutions as well as regular households. The Wave I survey utilized a stratified threestage probability sample, identifying 27 strata defined by administrative level, three levels of education, and three levels of the total fertility rate. The primary sampling unit was township, with block (Lin) as the second stage unit. Among 4,412 persons selected for the survey, 4,049 responded, yielding a response rate of 91.8 percent. For each respondent, relevant information was recorded, including basic demographic characteristics (e.g. education, gender, age, etc.), occupational history, social relationships, health status, and health care utilization. Details of sampling and the questionnaire appear in 1989 Survey of Health and Living Status of the Elderly in Taiwan: Questionnaire and Survey Design. The survival status for each respondent was established during the four-year interval between waves one and two.
Measures
The time of death was recorded for those who died between April 1, 1989 and March 31, 1993. Of 4,049 respondents contacted in 1989, 574 had died by March 31, 1993, with 54 additional cases whose survival status was unknown. For each deceased in the four-year interval, the duration in months that elapsed since April 1, 1989 to the time of death was recorded. Table 1 presents the age distribution of the deceased. <Table 1 about here> Educational attainment is measured as the total number of years in school. In descriptive analysis, education is categorized into four subgroups: illiterates/self-taught (2004 cases), 1-6 years in school (1225), 7-12 years in school (548), and 13 or more years in school (200). In the multivariate analysis, on the other hand, educational attainment is treated as a continuous variable, assuming the influence of education on mortality to be a continuous process.
Gender is defined as a dummy variable with females coded 1. Age is indexed as the actual years of age reported by the respondents at the Wave I survey. We measure ethnicity as a dummy variable with mainlanders coded 1. (As there are only a few foreign born cases, they are put in the same subgroup as mainlanders.).
Marital status is often referred to as a special aspect of social integration (Berkman, 1985) . The marital pattern among older Taiwanese, however, possesses some unique characteristics which differ distinctly from those observed in other societies. While almost all "unmarried" older persons among native Taiwanse are widows or widowers, as marriage is generally universal in the Chinese settings, a considerable portion of older mainlanders are single as a consequence of the Civil War in late 1940s. Therefore, we do not expect marital status to transmit considerable impact of education on the mortality of older Taiwanese. Accordingly, we treat marital status as an exogenous variable in this study, thus creating a dummy variable with "currently married" coded 1.
Social relationships are assumed to consist of two dimensions, social networks and social support (Sugisawa, Liang, and Liu, 1994) . Social networks refer to the existence or quantity of relationships, while social support is defined as the quality or functional content of the relationships (Berkman, 1985; Cohen and Wills, 1985) . Social networks are measured by an older person's social participation according to the analytic results of prior research , and we operationalize this measure by the frequency of attending the activities of organizations to which the respondent was affiliated. Since its effect on mortality and health status is not linear (Berkman and Syme, 1979; House, Robbins, and Metzner, 1982; Sugisawa et al., 1994) , we create a dummy variable for social participation with "no social participation at all" as 0 and all else as 1.
We measure social support as a composite of emotional support, consisting of two five-point scales, (ranges from 0 to 4) assessing two aspects: (1) the willingness of spouse, children, or others to listen to the difficulties and inner feelings of the respondent; and (2) the amount of love and care the respondent can expect from spouse, children, or others. As indicated, for each aspect there are three support sources -spouse, children, and others. Since not all respondents have all three sources, we select the highest level of the three sources for each support type, so that each respondent has a possible range from 0 to 8 on this variable. This application is considered appropriate because we are concerned with the amount, rather than concrete sources, of social support an older person can expect. Note that this composite variable and social participation are not highly correlated.
An older person's health status is measured as two dimensions: self-rated health and functional status. Self-rated health is generally the most commonly used proxy for general health assessment (Idler and Kasl, 1991; Weinberger, Darnell, and Tierney, 1986) ; and in the present research, it is measured by a five-point scale ranging from 1 (poor) to 5 (excellent). We also measure functional status by a composite consisting of three measures indicating the degree of difficulty in bathing oneself, climbing two or three flights of stairs, and walking about 200-300 meters. The score ranges from 0 (functional independence) to 9 (maximum disability).
Health behaviors are indicated by two dummy variables, derived from responses to questions about whether the respondent was a smoker or a drinker at the time of the Wave I survey. "Currently smoking" and "currently drinking alcohol" are coded 1. While the positive effect of smoking on morbidity and mortality has been well documented, moderate drinking has been observed to produce a protective effect on health (Duffy, 1992) . Unfortunately, the U-shaped relationship between alcohol consumption and mortality cannot be examined in the present research given the limitation of the data (information on the amount of alcohol consumption is not usable). However, the prevalence rates of both binge and heavy drinking are very low among older Taiwanese (both rates are 7.2 percent among men and 1.6 percent among women for those 50 years of age or older; see Koong, Malison, and Nakashima, 1990: pp. 156 ), and we expect that the majority of older Taiwanese are moderate drinkers; hence the dummy variable of currently drinking alcohol is expected to be inversely related to mortality.
The six variables measuring health status, social relationships, and health behaviors, are all moderately correlated with education. The correlation coefficients of an older person's education with self-rated health and functional status are, respectively, 0.2241 and -0.1736, while those with social participation and emotional support being 0.2253 and 0.1637. Similarly, education's correlations with smoking and drinking are 0.1268 and 0.1801, respectively. All these scores are statistically significant.
We also create an interaction term between education and age to test whether educational differentials in mortality diminish constantly with age. It is expected that the effect of this interaction will be positive, indicating a convergent trend of educational mortality differentials in later life. Differential mortality may also be viewed as a function of time, but there will not be a distinct trend within a four-year time interval. Table 2 presents the means, standard deviations, and coding schemes for the exogenous and mediating variables, on the basis of the sample excluding all missing cases (termed effective sample). Although there are 372 missing cases, the distribution for the whole sample, not presented here, is consistent with the pattern shown in Table 2 . <Table 2 about here>
Methods
We begin by defining a hazard rate model to assess the effect of educational attainment on the mortality of older Taiwanese. Each respondent is assumed to be subject to an instantaneous hazard rate, denoted by µ(t), of dying, where t = 0, 1, ......, n. The function, µ(t), is also referred to as the force of mortality that is closely related to the survival function (Lawless, 1982) . A Weibull distribution of the hazard function is specified to model the time function of mortality at older ages. We consider the application of the Weibull mortality function, a flexible and monotonic model, most appropriate for the description of mortality processes within a limited time interval, as evidenced by previous research (Sugisawa, Liang, and Liu, 1994) . A life table of the discrete hazard rates and survival function was constructed in order to assess the time function of dying among older Taiwanese. The plot of log (-log S(t)) versus log (duration) has demonstrated an approximately straight curve, thereby confirming the validity of using the Weibull model in this study. The life table and relevant plots derived from the life table indicators are available from the authors upon request.
The structural hazard function for this distribution, considering all determinants, is given by
where µ 0 is the underlying hazard rate, and p is a parameter specifying the shape of the survival curve. The value of p is expected to be greater than 1, which implies a monotonically increasing hazard function over time. X is a vector of the exogenous variables, and Y a vector of the endogenous. (Note that Y includes six mediating variables which, in turn, represent three endogenous factors -health status, health behaviors, and social relationships.) β, α, and γ represent three matrices of regression coefficients. ε µ and ε Y are the error terms for the two equations, which are assumed to be mutually independent and uncorrelated with the observed variables. ε µ is hypothesized as normally distributed with zero expectation. The potential selection effect of population composition is captured by an interaction term between age and education. In view that the Weibull model is a parametric function, we consider such a specification more useful than an arbitrarily assumed gamma-distributed error term to address unobserved heterogeneity. The F-test will be used to assess the statistical significance of this interaction.
We decompose the total effect of educational attainment on old-age mortality by a simple extension of the approaches developed by Alwin and Hauser (1975) and Winship and Mare (1983) . In particular, we first estimate a full model on the hazard rate, which includes both exogenous and intervening variables and is represented by Equation (1a). The estimates of β and α measure the direct effects of the exogenous and the endogenous variables, respectively, on the hazard rate. Second, we construct a series of reduced form equations which eliminates the intervening factors in sequence. The final reduced form equation only includes the exogenous variables. Specifically, we insert Equation (1b) into (1a) to give 
where η = β + γα and u µ = ε Y α + ε µ . While it is difficult to specify the properties of ε Y because Y includes some dummy variables, we impose the condition that u µ is normally distributed and has the mean of zero. We also assume that u µ is uncorrelated with the exogenous variables.
It is clear that as η consists of two components, β and γα, the regression coefficients in Equation (2) measure the total effects of the exogenous variables on the hazard rate. Accordingly, our data analysis focuses on a comparison of the regression coefficients of education from Equations (1a) and (2). In particular, we begin by estimating the full model (Equation 1a), then eliminating the mediating factors in sequence until all three are eliminated. While the full model estimates only the direct effects of the exogenous variables, the final reduced form, represented by Equation (2), measures the total effect of educational attainment. The difference between the total and the direct effects produces an estimate of the indirect effect through all mediating factors. The regression coefficient of education in an intermediate reduced form equation includes the direct effect of educational attainment and its indirect effects via the intervening variable or variables excluded from the estimation process (Alwin and Hauser, 1975) . Hence, from two adjacent models, the indirect effect of education via a specific mediating factor can be estimated. Note that a change in the order of endogenous variables excluded from the full model will not modify the value of the estimates for such indirect effects given the same sample. The significance of the indirect effect is tested through the model likelihood ratio, i.e., -2 times the difference of the log likelihood between two adjacent models, which is distributed as χ2 with degrees of freedom equaling the difference in the numbers of parameters between the two models. As a result, the direct, the total, and the indirect effects of educational attainment can be estimated without directly referring to Equation (1b). Comparing the lowest and the highest educational subgroups, the negative association between education and mortality emerges clearly. At each age, the proportion of those who died during the four-year interval is considerably higher among the "illiterate" than among the older persons with 13 or more years of school. The mortality differentials between the highest educational subgroup and the intermediate two (1-6 years and 7-12 years in school) are also sizable, with the most educated having a much lower level of mortality for most age groups. At the same time, there is no distinct pattern of mortality differentials among the first three educational subgroups. At each age, the proportion deceased does not differ strongly among the first three educational subgroups. On the other hand, within each educational subgroup the positive linkage between age and mortality appears to be strong and consistent.
RESULTS
Description of General Pattern
As other relevant variables may confound the causal linkages between educational attainment and the mortality of older Taiwanese, the descriptive patterns shown in Table  3 are not conclusive. Hence, the causality under investigation will be further analyzed below controlling for the potential confounding effects set forth in the theoretical framework. Table 4 presents the results of four hazard rate regression models. The first regression given in the table is a full model with both exogenous and mediating variables included, which estimates the direct effect of educational attainment on the mortality of older Taiwanese. The following three models are the estimates of the reduced forms with each omitting a mediating factor (represented by two variables) from the previous regression. Model D presents the total effect of educational attainment on the death rate given the theoretical framework specified earlier.
Impact of Education on Mortality
<Table 4 about here>
The regression coefficients of educational attainment in all four models are all negative, thereby suggesting a negative linkage between education and mortality among older Taiwanese while controlling for possible confounding effects. As expected, Model A shows the smallest effect of education on the log of the hazard rate (-0.0054), and Model D the largest (-0.0314). The exponentiated value of each regression coefficient, often referred to as the hazard ratio, is also presented to highlight the multiplicative effects of educational attainment on mortality within the four-year time interval. The value of 100 (e b -1) gives the percentage change in the hazard rate with one-unit change in educational attainment. For example, in Model D the value of e b for education is 0.9691, which suggests a three-percent reduction in the death rate over four years with a one-year increase in educational attainment, controlling for gender, age, ethnicity, and marital status. The values of p (as defined in Equations 1a and 2) range from 1.3234 to 1.3702, thus highlighting a monotonically increasing trend in mortality within the fouryear time interval under investigation.
The regression coefficient of education in Model A, which includes the effects of the intervening factors and the control variables, is not statistically significant; and the magnitude of the coefficient is low. In contrast, the coefficient in Model D is statistically significant with substantial magnitude. These results strongly support our hypothesis that although education has considerable influence on mortality at old ages, such effects operate mainly through education's effect on an individual's health status, health behaviors, and social relationships, which, in turn, influence mortality. It may be noted from Figure 1 that these indirect effects also implicitly involve the intermediate impacts of access and some of the other identified factors on mortality, although their magnitude cannot be separately estimated in the present research.
Among the other independent variables, either exogenous or endogenous, most have impacts on the hazard rates in the directions as expected. In particular, female, younger, and currently married persons are substantially less likely to die than their male, older, and non-married counterparts, with all differentials statistically significant. The level of mortality for the mainlanders is lower than that for other ethnic groups, but the difference is not statistically important in each of the four models. In terms of social relationships, both social participation and emotional support are inversely related to oldage mortality, other things equal. Additionally, self-rated health is negatively associated with the hazard rates, whereas the severity of functional limitations is positively linked with old-age mortality. Finally, a current smoker is substantially more likely to die within the interval than non-smokers, controlling for an individual's sociodemographic characteristics, social relationships, and health status. On the other hand, current drinkers are subject to a lower risk of dying, thereby supporting our hypothesis that moderate drinking might be beneficial to an older person's health. These theoretical issues are not further discussed given the focus of the present research.
We also tested for the effect of an age-education interaction, not shown in the table. We did not find a significant impact of this interaction term on the mortality of older Taiwanese, but the inclusion of this variable impaired the efficiency of the estimation process, so the result must be viewed as tentative. It is possible that the convergence of mortality across educational groups will emerge as the sample ages and more of the population moves into the oldest-old category, where convergence is more typically observed (Liu and Witten, 1995) . Table 5 presents the decomposition of the total effect of educational attainment on the mortality of older Taiwanese between April, 1989 and April, 1993 . As previously noted, the estimate of the total effect comes from the final reduced form model (Model D of Table 4 ), whereas the direct effect derives from the full model (Model A). Given our assumption that the expected value of the error term is zero for both models, the indirect effect of education is estimated by the difference between the total and direct effects. Similarly, the indirect effect can be further decomposed by the differences in the regression coefficients of educational attainment between two adjacent models.
Decomposition of Total Effect
<Table 5 about here>
Of the total effect of educational attainment on old-age mortality (-0.0314), about 83 percent represents indirect influences via health status, health behaviors, and social relationships. Health status, consisting of two major dimensions in this research -selfperceived health and physical functioning, is shown to be the leading factor transmitting the impact of education on the mortality of older Taiwanese. Almost half of the educational influences on old-age mortality operate through health status while controlling for other factors. Social relationships also substantially affect the level of oldage mortality, accounting for about 25 percent of the effect. The indirect effect via health behaviors is also significant, but represents only 9 percent of the total effect. Since smoking is positively correlated with both education and mortality, it may be reasonable to infer that the pattern of drinking alcohol and its relation to education has played a decisive role in causing the indirect association with mortality.
As noted, the decomposition must be taken as a rough first order approximation of the relative importance of each factor since there are complex interrelationships among these intervening variables. For example, those not currently smoking may include both those who never smoked (and are in excellent health) and former smokers who have become ill and quit. To the extent this is true, the effect of smoking may be understated and the effect of health status overstated. Interrelationships of this sort will be investigated in subsequent research.
Survival Functions
Another way to highlight the impact of education on the mortality of older Taiwanese is to compare the survival functions for different educational subgroups. Statistically significant effects on the hazard rates may not necessarily translate into strong differentials in the chance of survival, particularly since such differentials also depend on the magnitude of the baseline mortality rate (Teachman and Hayward, 1993) . Therefore, a presentation of differential survival is highly useful for studies of differential mortality. Table 6 predicts the proportions surviving to the beginning of specified months since April, 1989 for three specific levels of educational attainment -illiterate, 7 years in school, and 13 years in school. To further highlight the structure of educational influences on old-age mortality, we show two scenarios of such functions: the first set is derived from the final reduced form (Model D) that predicts the total effect, and the second on the basis of the full model reflecting the direct effect of education (Model A). The Weibull survival curves can be readily constructed from estimates of the hazard functions, and such survival functions are generally very close to those derived from the Cox model (Sugisawa, Liang, and Liu, 1994) . Additionally, in estimating these survival curves we fix the values of other explanatory variables as their sample means, so that the functions across various educational subgroups can be compared effectively for a "typical" population (Fox, 1987) . <Table 6 about here> Table 6 demonstrates strong differentials in survivorship across the three educational groups while taking into account both direct and indirect effects. The better educated persons have a considerably higher chance of surviving to each month, hence providing strong evidence that education still acts as an important factor reducing the death rate at older ages. Between April, 1989 and April, 1993 , the survival rate of 48 months for the "illiterate" is almost four percent lower than that for those having 13 years in school. Almost 12 percent of the "illiterate" had died by the end of the observation interval, compared to 8 percent for the "13-year" educational group. Even for the older persons with seven years in school, the survival rate is more than 2 percent higher than that for the "illiterate," controling the confounding effects of age, gender, ethnicity, and marital status. Table 6 also suggests that the direct effect of education on survivorship is insignificant. At the end of the four-year interval, the survival rate for those with 13 years in school is only 0.6 percent higher than that for the "illiterate" if the indirect effects via health status, health behaviors, and social relationships are taken into account. Figure 3 plots the evolution of survival functions for the three educational subgroups, derived from both the final reduced form equation and the full model. Panel A illustrates the distinct separation of the three survival curves, reflecting the total effect of educational attainment on old-age mortality among older Taiwanese. At each time point, a better educated older person is expected to have a considerably higher chance of survival than those with a lower educational attainment considering the confounding effects of age, gender, ethnicity, and marital status. On the other hand, such differentials are much less distinct after controlling for the mediating influences of health status, health behaviors, and social relationships, as shown by Panel B. The three survival curves, derived from the full model, do not appear to separate at all, let alone the lack of statistical significance of education from the full model.
CONCLUSION
It has been suggested that in more traditional societies where older persons generally have high status, the effect of socioeconomic status on health and mortality may be lower than that observed in more modern settings (Berkman, 1985) . In Confucian societies, the norms for coresidence of older parents with children along with high levels of social support might be expected to mitigate differentials in health and mortality due to income, occupation, or education. In terms of our model, these expectations would be translated into findings that show clear effects of social relationships on mortality but only minor effect of education, either in the full or in the reduced models, since the correlation between education and social relationships would be fairly low. In addition, if strong social networks and social support were highly pervasive throughout a society, there may be insufficient variation to show any effect from social relationships as well (Berkman, 1984) .
These expectations are not borne out by our findings. We hypothesized that educational attainment would influence mortality largely through its effects on health status, social relationships, and health behaviors, and the relationship of these proximate factors to mortality. This model is largely supported by our findings. Education has a moderate but clear association with self-reported health and level of functioning (see the correlation coefficients reported in the section of Data and Methods), as might be expected from the likelihood that a more educated person will also benefit from higher income, safer occupations, better housing, and greater access to health care. In turn, health and functional status in 1989 are strongly predictive of survival status over the four-year follow-up period. Consequently, self-rated health and functional status account for most of the indirect effect of education on mortality.
Although the overall level of social participation and emotional social support reported by older Taiwanese is quite high, there is a moderately positive and statistically significant relationship between these measures and education, which, in turn, contributes indirectly to the mortality differentials by educational attainment. As a consequence, about 31 percent of the indirect effect of education on mortality is accounted through social relationships.
The relationship between education and health behaviors is more mixed. The more educated persons are more likely to be current smokers as well as current drinkers. Smoking has a strong negative effect on survival, while those recorded as current drinkers (reflecting mostly moderate alcohol consumption) show higher survival. The net result is that health behaviors overall account for only 11 percent of the indirect effect of education on mortality.
The relationship of health behaviors to education and other dimensions of social status, and their effects on mortality merit further attention. In societies which have experienced rapid social and economic development, stratification on the basis of education, income, and occupation are undergoing considerable change. The attitudes and behaviors of those newly advantaged may not necessarily favor survivorship in all aspects, since diet, smoking, and alcohol consumption among many of the advantaged may emulate prestigious but deleterious practices from the more developed countries.
The nature of the association between social status and health behaviors will be further investigated, using more detailed data on lifetime smoking, amount of alcohol consumption, and indicators of dietary preference.
As expected, in addition to the effects of education on mortality through health status, social relationships, and health behaviors, there is a residual direct effect of education on survival, representing some of the other pathways shown in Figure 1 as well as measurement error in the intervening variables employed. It is striking, however, that these residual effects are not statistically significant in the full model (see Table 4 ) and that we have managed to capture so much of education's effect through the three clusters of intervening effects.
These findings have a number of policy implications. First, the strong effect of education on survival suggests that as future cohorts with higher levels of educational attainment age, there may be substantial improvements in survival and health status. Secondly, insofar as the pathways through which education transmits its effects are correctly identified, policies which improve the older population's level on these intervening variables might prove effective. A third implication suggests that gender differentials among older persons may widen in the future. Among the current elderly in most countries, older women have less education than men on average but still show higher survival rates. If strong educational mortality differentials exist for both older men and older women, one may infer that the higher average educational attainment for older males masks even stronger gender differentials in old-age mortality. It follows then that gender differences in survivorship at older ages may continue to widen in the future since discrepancies in educational attainment tend to dwindle among younger generations (Nathanson, 1995) . The significance levels of the indirect effects through health status, health behaviors, and social relationships are tested by the model likelihood ratio that is distributed as χ 2 , i.e., -2 times the difference in the values of log likelihood between two models. ** prob < 0.01 
